Introduction: Muscle fatigue is a phenomenon associated with physical work. It is common in endurance sports, physical fitness tests and daily activities. Some tests can be directly affected by the effect of peripheral muscle fatigue, including the handgrip strength (HGS) test, which is considered baseline measure for assessing the functionality of the hand. Objectives: a) verify the effect of peripheral muscle fatigue (between trials) during the testing of HGS, with a 60-second recovery interval; b) to analyze whether there is a difference in considering the mean value obtained in three trials or the best result as the final result. Materials and methods: The final sample comprised 1,279 men. We followed the standard methodology and used a hydraulic hand dynamometer. Results: There were statistically significant differences (P < 0.05) in the dominant hand among all the trials: first (46.5 ± 8.6 Kgf), second (46.4 ± 8.5 Kgf) and third (46.1 ± 8.6 Kgf); and also in the non-dominant hand: first (44.9 ± 8.4 Kgf), second (44.5 ± 8.3 Kgf) and third (44.0 ± 8.3 Kgf). We also found statistically significant differences (P < 0.05) between the two ways of considering the final result. For the dominant hand, the mean of the three attempts was 46.3 ± 8.3 Kgf and the best result was 48.1 ± 8.5 Kgf, whereas for the non-dominant hand, these results were 44.5 ± 8.2 Kgf and 46.0 ± 8.2 kgf, respectively. Conclusion: Peripheral muscle fatigue directly interferes in the final result. A significant reduction in strength levels occurs in course of the assessment. The
Introduction
Muscle fatigue is a phenomenon associated with physical work. It is common in endurance sports, physical fitness tests and daily activities (1, 2, 3) . Usually, two types of muscle fatigue are defined: central and peripheral. The first is characterized by progressive speed and frequency reduction of voluntary drive to motoneurons during exercise. The second is described as the result from changes localized below the neuromuscular junction, which cause decreased efficiency of the contractile units of the muscle (2) .
In this sense, some physical tests may be directly influenced by the effects of peripheral muscle fatigue, such as those employed in the studies of Albuquerque et al. (4) and Rizzi et al. (5) , and the handgrip strength (HGS) test. The latter is considered as a baseline measure for assessing the functionality of the hand (6) . It is often used in the analysis of clinical conditions such as rheumatoid arthritis or muscular dystrophy, to test the efficiency of different surgical procedures or treatments, as well as to determine the physical work capacity of patients with lesions on hands or arms (7, 8, 9, 10) .
In addition to these uses, the HGS test is recommended and applied by nutritionists as a functional index of nutritional status (11) to evaluate the effectiveness of dietary intervention in hospitalized patients (12) ; by physical education teachers in batteries of tests used in competitions, for identifying sporting talents (13) and assessing methods and training in athletes (13, 14, 15, 16) ; or by physical therapists for setting treatment goals, monitoring progress and assessing clinical situations in which muscle strength is directly affected (17, 18 ) . In general, health professionals also make use of this method to verify the relative effects of age on muscle strength in children, youth, adults and elders. The HGS test is considered to be an indicator of an individual´s overall strength status (6), (10, 11) .
Since a broad range of researchers and professionals from different fields of expertise make use of the HGS test, several studies have been conducted and highlighted the validity, accuracy and reliability of the Department of Physical Education, Federal University of Viçosa, in a controlled environment with an average temperature of 21.4 ± 0.8 °C and relative air humidity of 71.4 ± 5.3%. All measurements were performed in both hands. The subjects were at rest and had not made any physical effort before the first measurement. The choice of the dominant hand was self-reported and defined as the one preferably used to carry out daily activities such as writing, eating and handling heavy objects. The manual hydraulic dynamometer Jamar ® (PC5030J1, Fit Systems Inc, Calgary, Canada) was used to perform the test.
For the positioning of the arm, we followed the guidelines of the American Society of Hand Therapists (19) . The handle of the dynamometer was maintained in the second position for all subjects. Three maximal 3-minute trials were made alternately, with 60-second intervals between trials. The same voice tone was used during the instructions period and no verbal encouragement was provided. Results were recorded in kilograms force (kgf).
This study was conducted in accordance with ethical standards and was approved by the Ethics Committee of the Federal University of Viçosa, Brazil (protocol number 40928260625). All participants signed an informed consent form (according to Resolution 196/96 of the National Health Council).
We initially used descriptive statistics (mean and standard deviation) to describe the results. The Shapiro-Wilk test was used to assess the normality of the data and the Friedman test followed by post hoc Dunn's test was used to verify the effect of muscle fatigue between trials. The Wilcoxon test was used to compare the mean of three trials against the best result, and to compare the values found for both hands. When necessary, the chi-square test was used to verify the difference between frequencies. The level of significance was set at p < 0.05. All analyzes were performed using the Sigmaplot ® statistical software (version 11.0).
Results
The mean age of the sample was 27. of this test and other equipments (13) . In addition to these factors, a set of methodological recommendations are proposed in order to standardize the types of measurements used in different studies, which would allow for their comparison. These recommendations involve: the positioning of the body for performing the test, instructions, duration of contraction, pre-test warm-up, position of the handle, number of measurements, period of rest between trials and value to be considered as the final result of the test (13), (19, 20) .
In this sense, not all of these recommendations were studied separately or together, and there is no consensus among researchers on all these points. Regarding the number of measurements, the recommendation is to perform three trials, made alternately in each arm and starting with the right side, with a 15-60 seconds period of rest between trials, the latter being more prevalent. Another recommendation that requires further investigations is which value should be considered as the result of the test: the mean value obtained in the three trials or the highest value recorded (13), (19) .
Given the above, the objectives of this study are: a) to verify the effect of peripheral muscle fatigue (between trials) during the testing of HGS, with a 60-second recovery interval; b) to analyze whether there are differences in considering the mean value obtained in three trials or the best result as the final result.
Materials and methods
This is a cross-sectional observational study. 1,400 men were initially assessed. 121 were considered outliers and excluded from the study after checking the distribution of the HGS values in all attempts in the dominant and non-dominant hands. Therefore, the final sample comprised 1,279 men. Exclusion criteria included: any restriction of movement in the arms or legs, self-reported history of inflammatory joint disease, neurological disorder, or any kind of abnormality in the upper limb.
In order to characterize the sample, we carried out anthropometric measurements, including body mass (kg, accuracy ± 100g) and height (cm, accuracy ± 1 cm). The sample was also characterized by age and hand dominance. All data collections were performed in the Human Performance Laboratory (LAPEH) while 79 (6.2%) subjects self-declared themselves as left-handed. Table 1 shows the results of the HSG test for the first, second and third trials in the dominant and in the non-dominant hands, and the frequency at which the best result was achieved among the different trials. Table 2 shows the final results, according to the mean of the three trials or the maximum value found.
Discussion
When multiple maximal efforts are performed in a short period of time, the chances of onset of muscle fatigue increase. Thus, in the HGS test, the number of measurements taken and the interval time directly influence the final result. In the present study, the main results indicate that there is a significant difference in the dominant hand among the trials. This indicates that the subject assessed could not repeat the same strength levels due to successive wear. A similar result was observed for the non-dominant hand. These findings are contrary to the study by Mathiowetz (21) , which found no significant difference between trials with 60-second intervals.
Our results indicate that the recovery time of 60 seconds between trials does not seem to be enough for the subjects to maintain or improve their performances. However, when analyzing the percentage of reduction of HGS levels between trials, we found that, in the dominant hand, from the first to the second trial and from the second to the third trial, there were reductions of only 0.2% and 0.6%, respectively. In the non-dominant hand reductions between trials were 0.9% and 1.1%, respectively. Thus, when this analysis is performed, it does seem that the time of interval between trials is enough to avoid the occurrence of great reductions in the mean HGS levels of the entire sample. Trossman and Li (22) investigated the effect of different recovery times -60, 30 and 15 seconds -and found no significant difference among them. Since the total time of a test directly affects the dynamics of research, especially when evaluating large populations or in daily practice, it is extremely important that tests are performed as quickly as possible, without making measurement errors. Thus, we believe that the 60-second interval is sufficient to avoid great differences between trials and represents no major compromise from a practical standpoint. Another result that can be highlighted is that both for the dominant and the non-dominant hand, more than 50% of HGS best results are achieved at the first trial. However, the other trial results should not be discarded, since relevant percentages are achieved at the second and third trials. When comparing the mean of the three trials with the best result obtained among them (Table 2) , a statistically significant difference between these two ways of considering the final result was found. This was also observed in a study by Coldham et al. (23) . Thus, as it is a maximal test, we believe that the highest value recorded among the three trials should be considered as the final result.
It has been reported in the literature that the HGS of the dominant hand is approximately 10% higher than the non-dominant hand (24, 25) . However, in our study Note: * Signifi cant difference (p < 0.05) between the mean of the three trials and the best result for the dominant and the non-dominant hand. † Signifi cant difference (p < 0.05) between the dominant and the non-dominant hand.
Source: Research data.
we found that this difference was only 4.3%, when considering the best result. This indicates that this rule is not applicable to this study population, which was also found in the studies by Novaes et al. (20) and Jarjour et al. (26) . When comparing both the mean of the three trials and the best result of the dominant hand with the non-dominant hand, we could note that there is a statistically significant difference between the two hands. The same was observed by Adedoyin et al. (27) and Werle et al. (28) . This indicates, thus, that dominance directly interferes in the final result.
The results of our study were higher than those found by Caporrino et al. (29) for the same age group and using the same methodology. Comparison with other studies in the Brazilian population is hampered by methodological differences. It is important to stress that the methodological characteristics presented here, as well as the suggested recovery time between trials (60 seconds), and the fact that the best result obtained in the test is considered, should be taken into consideration in researches involving the assessment of HGS in any kind of population: in individuals with Down syndrome (30) , in athletes (13) , or in studies on aging and sarcopenia (31, 32) . A meticulous and standardized methodological action helps researchers in the correct interpretation and comparison of results.
Conclusion
We observed that during the testing of HGS, peripheral muscle fatigue directly interferes on the end result, indicating significant reduction in the course of the assessment. The best result is often obtained at the first trial, which indicates that the best result obtained on the test should be considered as the final result, instead of the mean of the three trials.
